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ABSTRACT

The multilevel characteristics of test item data are
considered as a method for examining the characteristics of ..
standardized norm-referenced tests. A theoretical rationale for
examining multilevel characteristics is presented. It can be used as
an aid to understand why program and instructional effects on -

_measpres constructed from individual-level psychometric data are

" weak, to6 improve instructional seasitivity and program relevance of

' tests, and to indicate Mhat features-of a test will increase the
sensitivity of the tesézgo instructional program variables. An i
empirical example form ‘the International Evaluation of Education
Achievement study and an analysis of one test from the Beginning
Teacher Evaluation Study are examined to better understand how
multilevel analysis can lead to more informed use of item data. It
was found that between-student analysis fails to take into account
the instructional context and its effect on student item response.
This failure has two effects. First, the relationship between item
response and other variables cannot be explained since it is a

. conglomerate of two different processes. Second, the between-student
analysis may give a distorted view of whether an effect does or -does

not exist. (Ag}hor/PN) o
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Multilevel Properties of Test Items: An Exploratory Study

M. David Miller and Leigh Burstein

Because of the belief that schooling affects student outcomes, the
Vi

, largely negative results’ from school effects studies and large scale
evaluations of the relationship‘of school.;nputs to student outcomes
have caused educational researchers to reexamine the statistical techniques
and models which -have traditionally been used to arrive at these conclu-

. sions. One methodological issue that has received much criticism has

_been the use of standard1zed norm-referenced achievement tests as the sole

measure of educat1ona1 outcomes :

Rather than abandon norm-referenced tests, an analyS1s of the tests may

reveal ways to improve them. ;\BBsS{Ede method for exam1n1ng the charac-

A

ter1st1cs of standardized norm-referenced tests might be a mu1t11eve1

examination of test jtems. Cronbach (1976) wagpthe f1rst to discuss the

*~ possible utility of multilevel 1tem analysis:

Once the quest1on of units is raised, all emp1r1ca1 test construc-
tion and item-analysis procedures need to be recons1dered Is it
better to retain items that correlate across,classes? Or 1temsk
that correlate within classes? A correlation based on deviation
scores within classes indicates whether students who 'comprehended
one point better than most students‘also comprehended the second
point better than'most -- instruction being held constant. A o
orre]ation between classes indicates. whether a class that 1earned

one thing learned another, but this depends first and foremost

on what teachers assigned and emphasized. It 1s the items that

teachers g1ve different we1ght to that have the greatest variance

across classes. This (d1fferent1a1 emphasis) leads qs to regard

\
\
‘4
.




the between-group and &ithin-group correlations of items as con- °
veying different information, and makes the overall correlation for

classes pooled an uninterpretahle blend. (Cronbach, 1976, pp. 9.19-

4

9.20) -
‘The effects ‘that Cronbach c1tns need to be better understood. By
cons1der1ng the multilevel characterlst1cs of test item data, test '
deve]opers and users could potent1a11y become better informed %bogt test
development, enalysis, usage, interpretation, and reporting. For examp1e,
some test jtems may be more sensitive to backgrouhd effects (e.g., prior
knowledge or socioeconomic stetu§); while other items may be more sehsitive
to instructional and program variables (e.g., time allocated per content
area, time spent>on high or low success tasks). By 1earnin§ whet variab]es‘\\

e

an ttem is-sensitive to, test developers: will be better equipped to guard

o

against unknowingly se]ect1ng 1tems whlch are influenced by irrelevant
characteristics of the env1ronment in which the test is administered
(irrelevant to.the purposes for wh1gh the test is developed). Perhaps
testtconstrueto;s will also be able to better select items for a test
*which are more seneittve to the variable of intere;t (e?g., amount

Tearned). At,the least, multilevel analyses of test items will-help

test developers to better describe the statistical properties of the test

«

and its items.

This report will be divided into foug sections. In the first section,

a theoretical rationale for examining the~ﬁu1ii1eve1 characteristics will

be sketched In the second section, an<ehpﬁr1ca1 example from the Inter- |
nationa] Evaluation of Educational Achievement study (IEA) will be examined.
Next, a pre]iminary analysis of one test from the Beginning Teache;.Eval-

uation Study (BTES) will be presented. Finally, the potential utility of




of multilevel item analysis and some'pbssib]e directions for further

reseﬁrch will be discussed.

Multilevel Analysis d

o

The educational system is inherently multilevel. That is, schools
are nested:L1th1n districts; classes are nested within schools; and )
students are nested within classrooms. Data.analysis can be conducted
both between and within each of the varioué.levels of the educational
system. Furthermore, analysis between and within different levels can
have different substantive meanings (Burstein, 1978; Burstein, Fischer, .
and Miller, 1979' Cronbach, 1976). ﬁecognizing the importance of the
cho1ce of a unit of ana]ys1s, méJor evaluations, such as Fo]]ow Through -
(Haney, 1974) and .the National Day Care Study (Singer and Goodrich,
1979),6have considered this issue in some detail. Since education can .
affect students between and within all levels of the educational system,
it has been argued that eva]uat1ons of educatiepal data_should Took at

-

more than one level of analysis for a more comp]ete understand1ng of the

determinants of student ach1evement.

* Cronbach (1976) has argued that\;he "majority of studies of educationmal =%
foects -- whether classroom experiments, or evaluations ofprograms
" or surveys -- have collected and analyzed data in ways that conceal more

than they revga]. The e§tablished methods have generated false conclu-

‘'sions in many studies" (Croqbach, 1976, p. 1). Schoo]ing effects studies.
have traditionally selected one unit of analysis, ;uch as the individual

or the school, and have used'a between unit analysis. Howevér, given the
intact nature of educational data, sihdfe-]eve] analyses areroften inaﬁb}o-

priate; the.individual-level analysis can-be decomposed into a between-group

6 | :




ana1y51s and w1th1n ~-group ana]ys1s It has been shown that. the corre]at1on
<

of two var1ab1es at the 1nd1v1dua1 1eve1 is a we1ghted comb1nat1on of the

¥

between-group correlation and- the poo]éd within-@roup corre]atxon (Knapp, o
‘ H

1977; Robinson, 1950): ) -

= - - “x
oxy = nxyegy * YT - g T NE ey (v-9) .
where Pyy is the'correlation of X and Y across individuals; PRy is the
correlation’of X and Y for the weighted group means; pkx-i)(Y-Y) is the

correlation of the individuals geviation§~from their group means on X

2

and Y; and n§ and ny are the proportion of variance in X and Y, respec~ .

tively, that is attributable to group differences.

It is also true that the ihdiViduaizueyel regression coefficient .
: J -

can-be decomposed into a weighted combination of a between-group coefficient

and a pooled within-group regression coefficient (Duncan,'Cuzzort, and

Duncan, 1961): : ' .
s 2 2 :
Bt = anx + Bw(.] - nx) N . ?

where Bt_is calculated by regressing the individual ieve] dependent
measure (Y). on the individual level 1ndependent measure (X); 8, 1s cal-
culated by regressing the weighted group means of thé’ dependent measure

(V) on the weighted group means of. the independent measure (X); By is R

cal¢ulated by regress1ng the dependent measure dev1at1ons from the group '

%

means (Y - Y) on the 1ndependent measure deviations from the group

means (X - X); and’ni is as defined above. As would be expected, when ”
the 1nf1uence Bf the group is weak, n§ approaches zero and Br approaches
By Converse]y, when the d1fferences on the 1ndependent measure are
largely attributable tp group differences, n§ approaches 1.0 and By

approaches By




Often the decQgposition of the student-level analysis in educational ’

research has been tgnored. This falure to take into aé%ount the multilevel

.

‘properties of the data has often caused educational researchers to.arrive \

\

at m1s1ead1ng conc]us1ons about the effects of various determinants of .
‘ educational ach1evement (Burste1n 1978 Burstein, L1nn and Capell,
1978; Burstein and M111er, 1978 Cronbach,,1976 Cronbach and Webb, 1975). -
It is possible 'that the exam1nat1on of data from a mu1t11eve1 perspect1ve,
which has too often béen absent in other aspects of schoo] effects studies
/?T ' and program eraluations, might also help us to better understand -why d -
' program and instructional effects on measures constructed from individual-
1eveP-psychometr1c data are weak Perhaps a multilevel perspective app11ed‘
to test deve1opment and 1nterpretat1on W111 help to. improve the instruc-
t1ona1 sensitivity and program re]evance of ‘tests. It is possible that the

L3

. J ,  multilevel characteristics of item data will show what features of a test .
, ¥ N . ¢
Cowill ]ncrease the sens1t1v1ty of the test to instructional and program '

.
. ° -

* variab]eSn . . N . .

Ttem Analysis

\ -

In order to-better understand the -effects mentioned by Cronhach (1976)
and what might be gained from a'multileyel“analysis’of’ﬁtem data, it is .
important to be aware of ciassroom and background processes and hoh they g 4o
effect‘dffferences in hetyeen-c]ass and within-class achievement. Cronbach
.(1976) sudgested that “items that correlate highly across classes should ', ’ "
be,indicativegof'jnstructiona] and program‘effects. If sone teachers - '
emphasize a given'contentﬁarea, such as'fractions, and others do not,
N one would eXpegt hdgh corre]ations across c]asses of items from a test

measuring that given content area. On the other hand, if items correlate

. positively within classes, it indicgtes that students who_do well on an
: 4
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*tem re]at1ve to the other member

s of the class will also do well on other

o

item Th1s effect might bg\due to d1fferences in students along such

. dimefisions as ab1l1ty or motivation. 5 ?

The variance of an item ¢an a}so Be partitioned into two independent B
omponents --betwﬁen-c]ass'variation and within~c1ass variation. The
between-class \ar1at1on of an item can be 1nd1cat1ve of instructional

and’ program var1ab1es. It teachers spend d)fferent amounts of t1me in

5

a spec1f1c content area or _they differ_in the1r enthu51asm for that_.e_-_

content area, there cou]d be-a het effegt on- the cldss which cou]d increase ?

-~ ‘
- a
‘ >

the between-class variance.of”an item from that content area. Similarly,
the within-c]ass variance could be affected by instructional and program '

variables, but with a dﬂfferent substant1ve 1nterpretat1on While- the petweén-

s*‘,

class var1ab111ty can be’ 1nf1uenced by the net effect of c]assroom and

instructional variables averaged across students, the within~class variability
7

could. repgesenc differential sensit1v1ty of students within a classroom -

to instructional and program variables. For examp]e students who _ .
ld

are active part1c1pants in thelr L;arn1ng m1ght 1earn more from a given
* Y

pngram than students who arg passive learners. Add1t1ona11y, w1th1n- :

class, variability mibht-represent‘dif$Erence§ in an instructional or

program variable within the class. For example, teachers'may spend Jnore

-
)

time with some students than.others, or time on task may vary within the

/ ~

classroom. . . S _ L

Finally, the bétween-class and within- c1ass components may also

be -affected by background var1ab1es. The between- c1ass component may be: due

' u

Jo differing” communfty character1st1cs (e.q., socioeconomic statusf. such as_ '
o

a

the effects of differences across classes in the abilities and backgrounds

of students. The within-class component may reflect tfie d1ffer1ng abilities

v




. ; ) l‘ . . > .% R4 - . R .
of students within the c]ass, d1fferendes in 1earn1ng ratés, or d1fferences T
! .

Hin the students react1ons to different instructional methods. .y . -

~

-

\\Empirjkat Examples p

.

R . \ >
' In order to better understand how mu1t11eve1 ana]ys1s can lead to

more informed use of item data, data from two ?purces will be exam1ned
’ -The f1rst examp]e 1nvo]ves a b1o]og \subtest from the International
ot Assoc1at1bn for the Eyaluatlon of Educ t1onaT Ach1evement (IFA) Six -

"y Subject Survey These data were ana]yzed prev1ous]y by McLarty (1979)

< .. The second examp]e is drawn from the Beg1nnihg Teacher Eva]uat1on Study

x

(BTES). A

FEA Biology Items

.

IEA collected data ‘from 21 cguntries across six subject areas.
Science was considered because it was a subject that was potentda]]y less
1nf1uenced by sources outside of the school environment. Information on
i ‘ the development of the science test items is ava11ab1e in .Comber and
Keeves (1973). Data on the results of the science test in the Un1ted
States is also available’in WoTf (1977). C o

In order to narrow the focus of ‘the analysis, the data from Form B
of the Biology eubtest for Popu]ation‘Ii (14 year olds) in the United
States were examined. The niné test‘items (numbered‘2‘through 10, ds on
the test) are contained in Appendix A. For data management and economic

4 o

reasons, McLarty (1979) se]ected a random sample of schoo]s (scheols with

less than 20 cases were e11m1nated f1rst) The samp1e actually used for
s 0y
nu1t11eve1 1tem analysis included 1210 students in 50 schools. ' .
‘The descriptive statistics for the items ‘are contained in Tab1e 1.

‘ Since.this test was devBloped using: traditional psychometric technidues,

. »
'Y .
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. (1 e., ) (within) > SD(hetween)) Th1s“has the 11ke]y effect of "yiélding

2

N “ smal] n. Note that the proportion of var1at1on accounted for by the

4

schoo] /ranges from 6 percent on 1tem Iu to. only 10 percent on 1tem 8.
,—/
- The 1tem 1ntercorre1at1ons are contained in Table 2 As McLarty

S (1979) pgﬁnts out; the low w1th1nwschool correlat1ons are probab]y due

1

to the nature of the construct being measured Biology covers a wide

range of subjects including botany, zoo]ogy, and chemical processes
»1nvo]ved in the Tife cycle (e.q., photosynthes1s) Thus, it is conceivable
,that a studcnt might 1earn the mater1a1 necessary 'for one item and not
' another, dependnng on what area of b1o]ogthhe student is 1nterested in.
go that Rnowing one b1o]ogy item is not necessar11y re1ated~to know1ng
another What relat1onsh1p there is between items sééms to be due to
“between-sthool differences. The schoo} ave;age on onemitem seems to be
h1gh1y related to the school average on another 1tem These results are
also confﬁrmed in the point h1ser1a] correIat1ons of Table 3. -
In Tables 4 through 3, item_responseSvWere»regressed‘on.s{i ~

variables. .The following independent measures were used:
[y . - LA PRI %

<
-

1. Student Sex - T=male and.2= =female; ' i
2. Raw word Knowledge - score on 40 1tem vocabulary test, \\

g \
3 L1kﬂng of Bﬁglogy - .five po1nt ascend1ng sca]e of a student s

C e ' rating of each school subJec;, ‘ PN
~4.',Boohs'1n the Home - 1=none,‘2=1:JO; 3=11-25, 4=26-50, and 5= 51

‘7 ormore; { e T ) .

. 5. Hours of B1o]ogy Instruction per Week - 1=do not take, 2=less than"

‘ 1 hour, 3 less than 3 hours, 4=less than 5 hours, and 5- more

o than 5 hours, and

L3

[P, e - —_— - - et e s+ ———— e - L e e e e —— =

1i .

the 1nd1v1dua1 differences are,max1m1zed rather than the school d1fferences “

»
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.
-

6. Hours of Biology“Homewdrk;per Week - 1=none, 2=1ess than 1 hour,
. / R .
3=Tess than 3 hours, 4=less than“5 hours, *and 5’more than 5 hours.

Each table conta1ns three rows of regress1on coeff1c1ents cotrespond1ng .

. N
1 . 4
t

to two. regress1on equat1ons . . 6
\ . L.
) .Y=a‘+ X . ' ’
; bt ) . ‘)" R e,
= g* R . .
Y =ak 4 b]X + bZX ' )

The first rqw of regres*)on coeff1c1ents (total) is der1ved from the' f1rst

equat1on - the regress1on "of "student item sco*es (Y) onothe student

var1ab1es mentioned above (X). The rew;en1ng two rows come from the *

*secqnd eqhat1on - the regression of student item scores (Y) on the school

% means;for the variable (X) and the student\jevel measure (X). The, two

coeff1c1ents b] and b are 1nterpreted as the between- schooi effeet after

contro]11ng for the individual level measure and the w1th1n-schoo] effect,

f
respect1ve1y (see_A1w1n, 1976; Burste1n 1978, Firebaugh, 1978 for evidence

3 T e ° .
-k - .

N ~ 9

. on the 1nterpretat1on) . ;3 _ : > C e
. - ’

.The 1mp11cat1ons from Table 4 are fairly stra1ghtforward For itehs

3, 4, 8, and 9, ma]eS’w111 score h1gher than females, in the ‘same school.

" For 1tem -5,.the 9ppos1te effect was found (w1th1n tﬂe same school, females

v

‘will score higher than males). Furthermore, for items 2, 4, 7, and 8
the between -school coefficients s ggest that schooﬂs w1th -a h1gher rat1o

of ma1es to fema]es w111 perform 1gher than schools with a Tower ratio.

- K

These coeff1c1ents may represent sex b1as at d1fferent |evels Scientists

’have trad1t1ona11y been viewed as~a male role. Possnb]y, thhs expectantv

< wh —

of different roles for ma]es and females, can be seen through d1fferences
. in 1nstruct1on -Ciasses w1th more males may recé}ve more.’science 1nstruc-
tion and’encouragement. In add1t1on, w1th1ﬁ'the c]assroom: ma]es may
receive more help and entouragement from the‘teacher than their female.
classmates. D #

e
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Much of the infonmation frog Table 4 is Tost through examination of .
the between-student (Total)‘coefficients. First, when there was«only a . A

» ~

C N between-schooj difference, the between-student coefficients were not

N ‘=a77g§gl57%?ve enough to find}any differences (items 2 and 7). Secondiy, in

sone case (item 10), the between-student analysis found an effect from the

comb¥nation‘of two nonsign1f1cant effects (between-school and w1th1n-

schoo]) The interpretation of th1s and any other s1gn1f1cant\hetween-

1

.U+ student coefficient is not as’ stra1ghtfon~ard as the 1nterpretat1on of
ot X the multilevel cqrff1c1ents As Cronbach (T976) po1nts out, the between-

student analysis is often an un1nterpretab1e b]end of the between- schoo]

and within-school analyses.
- R The raw word knowledge test used in Table 5 can be interpreted as
!a measure of verbal ability. The positive coefficients in the table show

<

two th1ngs For items 3 through 10, the within-schoo] coeff{cients show
. that students who are higher in verbal ab111ty than the1r schoo]mates
. .Af T .are;more 11ke1y to answer the item correct]y In addition, for items
"AfVM‘el” 3, 4 6, 7, and 9, schoo]s with a h1gher mean verbal ab111ty did better
‘ --on the item than schoo;s with a Tower mean verba] ability. This suggests
that the test may require a high level cf verbal ab111ty. An inspection ‘
. of the 1tems shows that theysdo require a fa1r1y,h1gh Tevel of reauing
proficiency. The largely verbal format of the test may requ1re as much
verbal ability as biology. waever, it is also poss1b1e that students
who excel in one academic area (e.q., verba} ability) also excel in other
"areas (e.q., bio]ogy) - ) ~ Y
‘ Tab]es 6 and 7 can be interpreted. in a similar manner-. ‘ In Table
,;Jiking of biology is an attitude indicator. In Table 7, number of

books 1n the home can be seen as an indicator of soc1o-econ0m1c status
a ‘&. -




[

) ! 11

The following results were drawn from Tables q and 7. Schoo1s.with higher

mean attitude toward biology did better on items 3 and 5. ‘However, most . .
of the items were more sensitive to within-school attitudes.(itéms' 3,

4, 6-10). That is, students that 1iked biology more than_ their peers

were also more likely to respond correctly to the tems. ‘Finéﬁiy, schools

with a higher average socio-economic status did better on most items (3-10)

and students with a higher:socio-economis status- than their peers did

Letter on items 3, 4, and 6.
o The direction of’thg regression coefficients is éonsiséent with

prior findings about the relationship of ;ocio—economic status: liking

of subject matter, ;;d verbal ability to sEpdent achievement. ‘That is,
schoo]s\containing students with" a more positive attitude toward the
sub?eciﬁmatter, a higher mean socio-ecenomic status or a higher mean
ve;ba1Aability were more likely to exhibit higher achievement. In addition,
stqdents who were higher than the1( peers on the three variables were s
more 1iké1y to achieve higher than their peers. However, itggs are
diffe;enti£11y sensitive to different var%ab]es. For éxamp]é, item 2

is 6n1y sensitive to between-school sex differences; wherea;, jtem 4 is
sensitive to within-school differences on all f&ur'Variables and between-
school djffeéénces on three of the four variables: Also, examination of .
the bef&eep-student coefficients will not reveal-the various processes.

For examﬁfé, on item 7, the total coefficient on liking o% biology, bgpks

‘%é the home, and rad word knowledge represents within-schoo]'qifferences,

between-school differences, and the combination of between-school and

within-school d1fférences, respectively.

Finally, in Tables 8 and 9, two school variables are used to predict

L

.4

item ngsponge: hours of instruction, and hours of homework. As can Qé
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seen from items 3, 4é 6, 7, 8, and 10, the more instruction a student
receives relative to his/her peers, the higher the student will achieve
relative to his/her schoolmates. The amount’ of homework also had a
»positive effect both between-school and within-school. Item 3 shows that
the more biology homework that is done across the., school, the higher the
school mean will be for this item. For {tems 4, 6, 7,’8, and 10, more .
homework by the student results in higher achievement than his schoolmates

with less biology homework. Apparently, the amount of instruction and

homework do effect student achievement within the school.

. ©

BTES

The Beginning Teacher Eva]uatidn Study was sponsored by the
€alifornia Commission fdr,Te9chen Preparation and Licensing with funds
from the Natienal Institute of Education. The study was condutted to
examine tne relationship between instructional veriab]es end achievement
in reading and mathematics in grades 2 and 5. Of particular interest
to. this paper was the learning of fifth grade mathematics -- a subject
area in which a great deal of time and effort are put into teachi g |
fractions. Tests were administered to six student in each ef 25 second
and 25 fifth grade classes on four occa51ons -- (A) October, 1976; -
(B) December, 1976; (C) May, 1977; and (D) September, 1977. 'In addition

to the achievement tests, measures of allocated time, engagement rates,

and success rates were obtained. Students were selected for not being

extremely Tow or extremely high in,abi]ity (rough]y 30 to 70 percentile).

This restriction in range of entering student ability, combined with the

»

care taken to measure instructiona1 variables and the development of

.

instructiona]]y’sensitive tests, makes this data set an interesting
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e£36p1e for examining the re]atiepship between the multilevel character-
jstics of items and instructional and program variables.

While the IEA data did have some instructional and school brocess
variables, the BIES is especially noteworthy for their efforts to develop
instructionally sensitive iestrumeﬁts (BTES, Filby and Dishaw, 1975, 1976).

Since the goal of BTES was to understand the relationship between instruc-

tional variables and student achievement, special efforts were made to

develop tests which would be reactive to 1nstruct1on The researchers
felt that tests used to eva]uate 1nstruct10na1 processes must be senS1t1ve
indicators of classroom 1earn1ng Test items were checked for content

ya11d1ty to be sure that test content and 1nstruct10na1 content overlapped.

Then, items were checked to.see whether gains were related to instruction

N -

(Carver, 1974). In the1r ana]ys1s, Filby.and Dishaw assumed that students °
would perform better on an 1tem after 1nstruct1on than prior to instruction.
In add1t10n, students who receive high amounts of 1nstruct1on in a given
content area were expected to perform better on items from that content
area than students who: receive Tess instruction in that content area.

Items thet°conforméd to tﬁe'two above assumptions were then selected to
form a reactivé, sensitive measure of classroom learning. Using this .
techn1que for test development (i.e.,  tem seleetion) the BTES :tests

did show a significant relationship to time a110cat1on by content area

(Fischer, Filby, Marliave, Cahen, Dishaw, Moore, and Beriiner, 1978).

" In order to focus our attention oft a manageable data set, it was

7decided to work only with the fraction items of the mathematics grade 5

étest. This ‘further reduced the data set since the fraction items were

'not given on occasion A (Octbber, 1976). The fifteen items from the

fractions ‘subtest tested the student's ability to identify equivalent

-
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fractions. The skills tested included reducing fractions and finding

- >

the missing numerator or denominator in.a fractional equat1on The items
are contained in Appendix B. There were 127 cases on occasion B (December, °
1976), 123 cases on occasion C (May, 1977), arid 89 cases on occasion
D (September, 1977j. The individual students were drawn Trom 21 classrooms.
Besides having the instructional variables, another difference
; petween the BTZﬁiana1yses and the IEA analyses was the use of a "pretest”.
The, mode] for ‘the BTES analysis was the'same excent that two independent
xara1b1es were used. The dependent variables were the item responses on

occasion C. The independent variables were'the item respopses on occasion .o
]

B along with:
* 1. Allocated Time - minutes allocated to learning fractions divided
" by 1000, ) ]

2. Easy Time - estimated time spent doing work that is easy for the

student, divided by 100, ,
k 3. Hard Time - estimated time spent doing work that is difficult S,
for the student. . . ‘

The regress1on equat1ons are the same as those used in the IEA analyses,_
except that there are.now a pair of independent variables in each equation. -
. The basic multilevel item cheracteristics are given in Tables 10a,

10b, and 10c. Two features of the fables are especially prominent. First, o J

students scored appreciably higher on occasion C than on occas1on nB; and

slightly lower on occasion D than on occasion C. As was expected, per-
formance increased after instruction and fell off over the summer vacation.

The second feature of these tables is that the average n2 fgl]owed the

" same pattern as the mean response. Apparently, the same students working
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together within a c]assrooﬁ-apd getting roughly the same level of instruc-
tion within a classroom result in large betwegn-c]ass effects, but after
the class breaks up,. the between-class effect_began to diminish. The
pattern of summer loss is unrelated to class membership: ' . .
‘In TaB]e 11 the point biseria] corre]ations are given. The majority .

of the 1tems corre]ated fairly highly with the subtest at all Teyels
of ana]ys1s. This meant that students who did well on an item a]so d1d
well on tHe rest of the test, relative to the rest of the class. A]so,
a class that scored high on the subtest was likely to get the indivj dua]

’ items right. Hence, it appears that the test is fairly re11ab1e for s
measuring either within-class or between-class differences.

' The .regression ana]yses are conta1ned in Tables 12 13, and 14, ,
Each table is based on the pred1ct1on of item scores from the same 1tem\\
on an ear11er occasion and an instructional var1ab1e The "pretegt" seems
to have positive impact on both. thebbetween—class and within-class ana]yses in a]]
" three tables. The pos1t1ve,w1th1n-c1as§ effect shows that students who

do better- than their classmates on occasion B will do better than their

peers on occaion C. The positive between-class effect shows that classes

- that do well on the item on one occasion will a]sg do well oh the 1item

)

[
¢

on the second equation.

~

benefited more from instruction.
Instructional effects were a1s0 found to be related to item response.
Table 12 shows that for item 9, there was a significant psoitive relation-
, shig between average classroom allocated time and item response. Classes.
which spend more’ time Tearning fractions got better results on this item.
None of the within-c]éss coefticients were significant.. We int;rpret this

along with an nz of .720 foriallocated time tq mean that there is not

L]

rd




a great deal of variation of the a]]ocated time of d1fferent students
‘\“:witgln a class. Students W1th1n a class will often work on a gived content
area at thé“same‘time. However, 1nd1vidqalization and 1earning'centers

can differentiate the time allocated to different students within a class.

”»

In the-case of “items 1, 2,‘4;“5;.8-10, and 12-15, there was a confqynginj

. - — 4
of effects. While neither the between-class nor the- within-class coeffi-

cients are significant, the total coéfficient is sjgnificant‘\\Tﬁis\is\a\,

case where nultileve1 item analysis would have suggested a differént
conc]usien than.a total analysis. Apparently, the combination of the
between-class effect and the Qithin—c]ass effect does euggest that
studenta who are allocated more time will perforn higher on the item, but

. ) 1 . Y
the partitioning of the variance masks the effect. This suggests that the

]

between student analysis can also give useful 1nformat.on While parti- ,
t1on1ng effects into between-class effects and w1th1n class effects’ often

‘may help to better'understand the classroom effects,.the‘between-student
le

effects may also yeild usefu] and 1nterest1ng information.

)l

Hard time and easy time are peculiar variables in that they have
d1fferent subatant1ve mean1ng at the two levels of ana]ys1s (1 e.,
between-c]ass and within-class). At the between-class level,’the variabfes.

can be interpreted- as measures of what level the class is taught at.,

However, within-class effects can be atrributed”largely to ability. A
student with . high ability will spend a great deal of® time going
through exercises which are easy simply because he kriows more about thep‘

tasks assigned to the whole class. In contrast, a dow abiiity student

-« L]

will find very Tittle to be easy. - - .

N

Tables '11 and 12 are cons1stent W1th our 1nterpretat1on of the

variables easy time and hard tdme. At the between-class level, too much

L]

-

13
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. . * . ° . ‘
easy time has a negative effect for items 1 and 2, and too much hard time

has a pos1t1ve effect for item 11., Apparently, too mdch easy time for
’ the class is detrimental to Tearning; whereas, more hard time may be
beneficial to the students. When a c]assn;em is .taught helow 1ts Tevel,
the material eovered js already known and no learning occurs. However,
when a c]as;ioom is taught at or apove its level, the class excels .
) becadse of the challenge. The within-class results were a]sq}congistent
'wifh fhe‘abbve discussien.‘ A posﬁtive effect w{fhin-class for items 1
— and 2 on easy time suggests. that students who had more time spent on.
A easy activities nere the higher achievers. Converselg, a negatLve effect
y . for itEms\z\and 11 on hard time suggests that students who experienced |
more time. on d;??Ttuli\aEEjvities were low achievers. l
The BTES analyses sugge§fs\tha;\éhere is much to be Tearned about
the relationship ef’instructidna1 variag?egxand‘itemkresponses from a

multilevel perspective. Effects can occur both between and within—classes.
: \\\

Furthermore, some possible  different substantive meanings were given to

~ between-class and within-class effects. \

e
L

\ Possible Utility of Mu1t11eve1 Item Analysis

Major concerns about standard1zed norm-referenced tests have centered

around their program;re]evance and instructional sensitivity. These

*

concerns are generated by the weak evidence of* program and .instructional

—w—w-“~m'-f~eﬁfeets~(Goleman?~GampbeJJ¢mHobsonzwﬂePartJand;~Mood;~we{nfe1d, and Yprk, ' .

'1966; Avench, Carroll, Donaldson, Kies]ing,‘and Pincus, 1972) in con-
junction with findings that test performance is higher when there is a )
substantial overlap between test content and 1nstruct1ona1 content
(Armbruster, Steven, and Rosensh1n, 1977; Jenk1ns and Pany, 1976; Madaus,

- Ke]]aghan, Rakkow, and King, 1979; Walker and Schaffarzik, 1974) and

~

N ¢
v
N I'e »
.
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that even the most broadly based'achieyements'vary substantially in content
coverage (Porter, Schmidt,.Floden, and Freeman, 1978). ;
{ Clearly, moremeffort is needed to develop: instructionally sensitive
measures. Efforts'te developsinstructionally sensitive and program
t ’ relevant tests have fo]]owed two 11nes First, there has--been an effort to
. develop, by curr1cu1a and test ana]ys1s,‘tests such that program content

14

and instructional cantent overlap with test content. Second, as in

>
9 - ¢«

S " the BTES, investigators have attempted to develop insstructionally
) sensitive tests using logical empirical methods (e.g., as discussed on X
.- ° " page 13]. "However \yhether either of these test devélopment

strateg1es would have a large impact on ‘the quality of testing in schoo]s

14 ~

is unclear. The majority of testing currently. being conducted 1nvo1ves
either standardized nonm-re%erenced tests or state assessment'and competency
testing. Typica]Ty,.the local school district has little input to .the

test development process and must rely on the publisher's and state
$o
. educational agency (SEA)fgenerated resu]ts
L P
While a large-scale development effort may not be possible, there

-

does seem to be some virtue in developing test ana1ys1s strategies that

B
L3

district pérsonnel c/n//se to "custom1ze“ the standard1zed test and assess-

t

ment data to their ioca] needs. Such strategies should be within the

technical and economic means of district research and evaluation staff.

o —— £ o s o i i NN

"Oné -way of a tack1ng the problem.is to develop methods ‘to” 1mprOVe -
instructional sensiti 'ty that test publishers and SEA’testing agencies ' “i-w_,____wvu
wou]d willingly employ in their test derelqpment activities. Such methods ‘
would have to beth command the respect of the applied psychometric'community
and be viewed as economically and‘po %1ca11y advantageous.

dne possible step in the right direction in thewdeve1opment of instruc-

tionally sensitive tests and test use may be nd from an examfnation of

ERIC o L

~

s

~\
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the mu1t11eve1 character1st1cs of test 1tem data. “As has°been seen, .
different items are sensitive to d1fferent background and c]ass processes

Possibly, through the use of multilevel ana]yses of 1temﬁdata, subtests

can be formed which are more sensitive to the between-class or within-class._:

process-of interest, or at least, items could be excluded from the test

results which are insensitive to the variables of interest. .

4

- L3

, Conclusions

Itens can be sensitive to background and instructdonal variables.
They can be sensitive either. within-groups and/or\between-groups. That
is, classrooms can have an effect on the student s response to an item.
In addition, the re]at1ve rank of a student w1th respect to an instructional

or a background variable can affect the item response.

.bxp]aining multilevel effects on Ttem resbonse is still at a rudi-
mentary stage and needs to be evplored further, what.fs clear is that a
between-stj;ent analysis fails to take.into account the instructional con-
text and its effect on student item respdnse: This_fai]ure has two
effects, First, the relationship between item response and other variables
cannot be explained since 1t is a cong]omerate of two different processes.‘
That s, the between= c1ass effect and within-class effect may have d1fferent
~substantive meanings which cannot be sorted out in a.between- student

analysis, Second, the’ between 'student ana]ys1s may g1ve a distorted

RO - — - -—— e o P e

__M,“___”_-“yiew -of whether -an--effect- does -or does*not ‘exist- That 1s**the comb1nat10n

Qf the between-class effect and within- c]ass effect can work in opposite
directions’ to obscure an effect that does exist, or they car work in the

same way to produce a statistica11y significant effect when neither source
. : P ‘

. is statistically significant by itself. e . .

&
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. ' Clearly, more work is needed to better understand the mu1t11eve1
characteristics of 1tems. One‘50551b1e avende which may prove fru1tfu1
4s the expansion of the present model. Items may relate to variables in
more complex ways. A model might be bﬁi]tjthat takes into éccount
socioeconomic -status, verbal ability, a “pretest", and,ingxructional
var1ab1es s1mu1taneous]y Another approaéh might be to exam%ﬁe a variety

of indices of group1ng effects for the1r app11cab111ty to test 1tem data.

Finally, the properties of subtests which m1ght be formed using mu1t1-

"

Tevel 1tem ana]ys1s should be examined.
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_Tab]e 1:

t Ttem Descriptive Data from IEA

(N=1210)
., e
Ttem £ Jean Standard Deviation
’ Total Between
2 33" C 47 12
3. .65 S8 15
‘ L .71 L6 .13
\ . W . —
5 '19 039 t11
6 ;63 18 113
s 7 49 48 15
k25 b3 Al
.32 ° A7 Al
tau . tus tll Yo
k]
400 - 1.8 - .76
NcLarty, 1979.

witbin

A5




(N=1210 stydents, 50 schools)

-
o

¢
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Table 2:

<
L]

IEA Item Intercorrelgtions

- Iten £ 2 3 b 5 6 7 8, 9 10
) o
¥
2%« - (total) -4
(bstween) )
(vithin)
: -.02
7 .03 .
-.03 o
' "05 ‘16
¥ RTI
Lo 711 i
) ’ ) .bsx .06 .02 ’
> .25 .26 .19 .
ot ~.,oh .01 )
6 ‘.04 .15 .11 ¢ .08 .
-.04 .53 .47 Lbo )
* .ok .12 .09 .05 :
” .ok J16 - .20 .03 .25
* -.01 ‘58 52 29 ‘53
' .05 .12 .17 00 .23
. o .16 14 ., .1 - .08 .15 .1k .
° -.36 .33 A0 19 .25 .36
) .07 .12 .08 .07 .15 11 )
.1 12 .10 ..07 .07 .11 .18
9 = ol“g ug .bl’ 029 037 .’4‘1 38
10 .08 .07 .ok - .0k .08 16
.6 Lol .03 .06 .09 .08 .10 .03
10 .12 Lo .32 .52 .32 .28 .23 .16
.05 ,.0f =+01 .03 .08 .06 .09 . .02
. . \
© SOURCE: Mclarty, 1979. T - .




Table 3.

IEA corrected item - total correlation

o=

.52
.43
.45
.49
.47
.44
A7

.45
.50

Within

10
A7
A7
.08
.24

.24

.25
a7
10

]
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Table 4, Regression of IEA Biology items on sex.

v
L4

-~

EFFECT ESTIMATES -

B

S ; : sttandafdizéd Standardized
lten  Between  Within  Total . Between Within Total i ‘
2 _.g6* 025 -.086 =06  -.03 .05 L
3 ..068  -.083%  -.000*  -.02  -.09  -.09 ‘ ’
4 _olgr  -.074%  -97% - -.08 S -08 - :
5 006 . .070% . .070% -.00 09 .09
6 -.047  -.035  -.040 -.02  -.04  -.04 )
"7 -.198%  -,006  -.027 07 =01 -.03 .
"8 S223%  -008% - 127% .08 -12 -5
9 ~.071  -.070%. -.078* .02 08  -.08
10 - - ,007 ,053 .054% .00 .06 - 06 -

* Coefficient exceengtﬂige,its standard error.

v

-
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Table 5. Regrgssion of TEA biology items on/Efﬁ/yprq Knowledge.

- -
- EFFECT ESTIMATES
) Unstandardized Standardized * - .
Ltem Between  Within . 1Tota1 " Between. Within Total - R
2 - .09 . .003  .005 . .05 .03 .05 )
3 018*"  .018% 022« . .09 . .19 / .24
4 o e o2k .07 22 25 L.
5 .008 .007% °,009%, .05 ©.09 a2
6 1,014 | ,012*  ,015% .07 14 7 .
7 . 0185 .o17% 021 .09 J9 .23
'8 005 .018%*  ,019* .03 .22 .24
T 02zv  L010% _ .014% J2, - a7 9
10 .003 " .o07% . ,008* .02 .09 .09
. . .

hd E4

* Coefficient exceeds twice its standard error,




Table 6., Redrhssjon of IEA biology items on students' 1iking of biology.

-
(
2
>

g EFFECT- ESTIMATES.

o
[

.076*

<

*Coefficient exceeds twice its standard error.

Unstandgrdizedt R Standardized °
| Item  Between Within Total Between MWithin *Total
2 . -.025° .02 021" = .04 03
3 163% - ,066* .085* .09 .10 13 2
4 099 ,085% ", 056 05 .07 .09
5 3%  -.000 .06 .08 -02 .01
6 -.0% 084 079k -.02 33 a2 .
7 039 ,085% . .090% .02 13 14
8 -012 _ .108% .06 o1 a8 8
9 044 072%  .077* 02 12
S0 .,013 077% .01 12 13




Table 7. Regression‘of IEA bib]ogy items on number of books in the

_home.
EFFECT. ESTIMATES
Unstandaraized Standardized
Item Betwegﬁ Within "Tetal .Between  Within Total .
T2 -0 .006  ..005 -0 .0 01
"3 e 051 L073% a1 .09 13
g .190% 063 " .084* 12 a5
5. .097%  .026 037 .07 - .06 .08
6 q18e 067+ 080 07 LTI 4
7 . 247% .020 .048* o4 .03 .08
8 .162* .027 .045,*‘ J1 .05 /fog
-9 g3 .021 .037]* 0 .08 .04 .07
10 J132% 011 .026 .08 .02 .05

* Coefficient exceeds twice its standard error. 7
. . G

r -




Table 8. Regression of;IEA bio]égy items on bio]ogy‘iﬁstrqction._.

Q@

3

~7

EFFECT ESTIMATES

Unstandardized

Standardized .

Between

g

Within

Total . Between

Within

Total

-.086¢
032
,-.038

036 .
-.046
-5014
1006
011
-1023

|

2
3
4
5
6
7 .
8
9

o

—
o

019
.063#
.038*
008
L059%
047
,043%

.012
.047*

-.002 .08

’
L]

-

071% .03
So2 .04
012 .04
047% .04

- 044* .01

.044* . .01
014 . .01
.041* .02

.03

;}A

/.07

»

© 01
.10
.08

.08

-:00
.12
.05
.02
:98
.08
.09
.03

\
.08

t .

* Coefficient exceeds twice its standard error.

[

o
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Table 9. Regression of [EA biology items on biology homework.

3

EFFECT ESTIMATES.

4

" Unstandardized Standardized -

®

Item  Between MWithin Total  ‘ Between Within Total *

"2 -.066 024 009 . ., -.0 .04 02
3 a1 027 051 .08 . .04 08 .
4 -.007 .040% 039% .01 .07 06
5 059 ~ £.008 .005 .05 -.02 .01 )
6 -.0%  .057%  04g* .03 .09 .08
Yy o -.004 .056% .055*’ .00 .09 . .09
8 - 023 .038* 043 .02 0707
9 ".023 .032 .037* .02 .05 .06

.022° 057%  .052% . -.02 .10 .09

—
o
[}

o Coefficient exceeds twic its standard error.

&
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Table 10a. Descriptive statistics of BTES fractions subtest - occasion B.

yggl Sfandard Deviation ﬁ
Item | Total Bétween  Within
1 58 .50  ..30 39 .3, | R
2 54 .50 .30 40 .36 [
3 58 .50 23 .44 21
s .5 .50 26 . .42 .28 :
5 6 . .37 - .18 32 .25 L.
6 50 .50 . .26 . 437 .2 °
7 42 .50 31 . .31 C .39
8" a3 7 .34 14 a1 a8
9 .09 28 12 .26 19
0 . .47 50 ' .25 43 .25
no e .50 .25 42 .26,
12 .31 .46 24 .80 .26
13 . 41 19 36 .22
14 o 49 22 .. .20
15 27 .45 .23 3 s '
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Tab]g 10b. Descriptive statistics of BTES fractions subtest-occdsion Q;

Test

ﬁgéé Sténdérdoa;viQFion . QE_
Item ) " Total  Between Within K
T .50 37 21 . .30 .32
2 N\ .83, . .38 21 .32 .32
,, 3 .60 \:k .49 ‘ 22 .44 .20
4 .75 .44 .19 .39 19
5 ..39 .49 ‘27 41 .31
6 .73 .45 22 .39 .24
7 . 6 .67 'y .26' .39 '_.31 '
8 .28 45 31 .32 .48
5. .26 44 26 .35 .36
10 60 49 .3 29 .39
1 .62 49 27 41 .29
12 - .54 50 .30% 40 .36
13 .36 .48. 25 42 .27
W .59 . .49 33 .37 45
15 . .36 48 - .27 .40 .32
Total  8.08 .  3.63 . 2.41 2.72 © .44
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Table 10c. Descriptive statistics of BTES fractions subtes}-ocgasion D.

—

;1

Mean ' Sfandard Deviation

o

\ Total Between Nithin)
74 44 gez' .39
77 .42 .20 .37
58, .50 . . . AT
73 45 21 .3
24 - .43 .25 .35

n

EN

»

61 .49 .26 .42
53 . By At
3. . BY) B
3 .41 .23 .50

3
4
5
6
7
9

.60 . C.26 .42

—
(o]

.54 X .21 . .46

—_—
—

.61 - .22 .44

—
N

36 0. .23 .43

—
w

.63 . . .23 .43

—
E-3

15+ .49 . - .28 42

Total-  8.06-)  3.74 . 2.40 2.87
Tes@




Table* 11." BTES f}‘actjdn subtest - c‘or.r;ected, part-whole corre]ations’.h" '

~-::’-M-1-i_qt§cj‘_§:f°”.""[_‘; ks m

ften B £ 8 B & .0 &8 ¢ -0 O

1 .si2 .86 485 | 601 549 737 | 444 439 56
2" 563 M3 .419% | .725 400 701 | 429 320 293

3 e 9a 267 | 394 078 209 [-.014 257 219 \
4 415 .388 2] s19 .13 96 | 287 .37 208
5 .03 .260 °.548 |-.148 .580 °.807 |-.027 -.121 .366

S } . i P

6 .523 .419 .353° | .616 .492 551 \.=404 .414 269 -
;- 660 410 .580 | .634° .492 - .685 | .559 .420 540 )

g .54 626 632 | .667 .769 810 | .49 519 77
o .33 .55 .02 | 606 793 .804, | .281 454 457

S0 457 372 .54% | 476 476  .630 | .372  .319  .466 - A

N s 21 82 | 288 630 181 | 509 438 w274 -

< @z .37 M3 .30 | 595 622 351 | .221 .368 256
13° .95 370 .380 389, 666 T a5 | a3 202° 318 |
303 %385 320 | ST1 428 .004° | 7 04 G2 -
15 .33 .53 .45 | .491. .583 .3% | .210 .95 .249 ;

, . ‘ . . ,XX
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Table 12. Regres.ion of BTES fraction {tems occasion C on fraction ttems occasion B (PRE)-and allocated time (A.T.),

»

-

<

UNSTANDARDIZED
o Between o ___ Withtn
Item < PRE AT. PR AL
2 ,012 118 o8 .00
2 07" 0% ¢ -z 62
3 -.092 .077 -.151 .392#
' .047 108 412 098
5 -.004 222 319 343
6 =050 g0 296 005 .
7 -.002 063 124 a7
8 JE8 051 T 585 284%
P R SIS 1 P 243 220 o
In .030 A74 - 482* NPT
.n =172 .200 44 .305%
2 041 162 322 257"
a3 Lom s 1570 1168« @°
" 318 -.0n . 549* -127
15 " .288 -.076 -.007 BT

4 ) . -
-

- *Coefficient exceeds

"PRE

J125*
J13*
.001

L134#

L236%

.094
.055
170*

.198*

181

1337

J197#
2124
181*

a7

Between
PRE AT,
L .02 .23,
.18 .06
-2 Al
07 . 19
-.01 - .34
-.07 T
-.00 \.10.
23 .08
.42 /' -.02
.04 .27
.22 .29
.05" .23
/.io - .24
/4 -1
/ -.12

™" STANDARDIZED

Withine |
.04 13
-0 .21
-.07 .39
.25 A7
A2 .25
a7 .01
.08 8"
A7 .21
.07 A4
. .24 *3
.23 30
15 .24
.22 A5
.25 SR
-.00 . .32
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Table 13." Regression of BTES fraction items occation C on fraction items occasionB (PRE) an

k- W

Y

UNSTANDARDIZED C - ' STANDARDIZED
Between * Within _Total * . " _Mithin
PRE ET. PRE ET. PRE ET. PRE E1. ome
-.l08* .097 ~.008 05 ,022 . . . =01
- JuT .168 -.000 S =10
-.051 -021 " -.188 ",395%  -,053 , ’ D .08
010 026 .351 .108 ' .037 P .03. . 2
-.0% _ 054 561 M9v 038 , ' a8 - L
-.033 .053 247 .266 032 . , , 15
-.018 .0 293 .188 002 . - " .06
-.030 032 500 .29 .009 . — . 15
-.034 048 169 .230 . S 0 . , 05
058 -.019 445 27
-03 .09 AT oo
2% .09 A 181
.05 0% .54 138
-.012 . .028 .631¥ -114

.

¥

«

2
3
4
5
6
7
8
9

et wwd b e b
- oW N - O

@ [

-l aw 1268 .330¢
e

-
wn

%

" 3¢oefficient exc%eds twice its standard error.
. ©o1
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Table 14. Regression of BTES fraction {tems occasion C on fraction {tems occasion 8 (PRE) and hard time (H.T.)."

L

/

*Coefficient excesds twice {ts standard error.

. UNSTANDARDIZED \ STANDARDIZED .
Bé tween  Within . ._Total Betneen. Wi thin /

Item « PRE H.T. PRE , T PRE H.T. PRE H.T. PRE HT. PRE H.T.
1, o -.030 .023 .082 -.020 .095 N -.26 .02 Bl -7 Tz
2 022 ~.047* -6 139 ~.036* .03 R 1 -.09 18 -.28, RER
3 -.032 -.016 -.261 .376* -;032* .332¢ -.14 -.10 -2 .37 -.20 .33

T .016 -.005 .373 an .006 .207* .09 -.03 .22 Rk} .04 .24
5 .042 029 .545 .358* -.001 .503* .20 -.19 .21 .26 -.00 .37
6 003 -:009 .270 ..019 -.005 .096 .02 -.06 16 .02 -.04 N
1 -.052 .021 6 .210 -.008 .226 -.26 4 .07 .22 -.05 .24
8 -.008 -.008 .480 .274 -.013 .348* -.04 -,05 15 .20 -.09 .26
9 .004 -.020 167 .249 -.017 282 .02 -.15 .05 .16 =13 .18

10 .03 .022 . .440 134 .010 .245% -.06 15 2 .07 .25
n 056 -.054% .A87* .290% -.021. 430+ .29 ».37 .26 7 .30 -4 .
2 < o2 -.029 .395 193, -.014 .327 Rl -.20 19 18 -.10 .3
13 .03) -.017 577 461 .00) J294% 7 -.)2 .22 a4 00 .26
" .014 -.006 .6277 -9 *.005 .010 .07 -.04 .29 -12 .03 .01
15 .043 ~.040 .285 " l328* < -015 A16* 23 - .28 3 k1) =N .39
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_Biclogy Test Items Form B

“ Target Coment Beha-  Average Med.
Popul.

Area

vior

Facility

Popul.

F.ffect.
Discrini. Discrim, Distr. -

Easicr in

Harder iu

Population I1-Test 4 B

2.° In en caperiment gresn leaves were put in a jor snd
the spparetus ves hept in the.dark, Lime water was
tuned cloudy by the gas that “formed, in the jar.
Thich of the lollowing gives the besl explanstion of
this resuh? .
A. Oy wes produced by phetosynthesis -
B. Oy was preduced by respiration

@ C. (O, wes preduced by rerpiration

D. Oywasusedup in respiration .
£y €Oy wos produced by photeayathesis

8. Joha brought the skull of an enimol o school. His

sa1d she dd n.t knew what the animsl wes |

Dut she was sure that it was ene that preyed on sther

enimials for its fved. Which clue, do you think, lod *

ber to this-conclusion?

A The ;ytnthh_ foced sideweys
B, The skull was much lenger than it was wide
C Ik,‘:l“ was o prejecting ridge sleag the top of the

@ D, Four of the trath were long and peiated
E. The jaws couid werk sideweys o3 mell 12 mp and
‘m T

¢ Tom wented to lesrn which of three types of soit—
* clay, sand, or leam—weuld be best for grewing
Seans He found three Sowe-pots. put 8 differert 2ype
of enil im wach pot, and planted the sarae aumber of
Seens In sach, o0 shown in the drawing. He placed
Hhom shla by sule an the windaw ill end gave cach

¥ t 0t s wems smuint ol water.

Why was Tom's exparissent NOT o good ene lor his
purposs? )

- A The plants in ene ot mere sunlight than

. ,ln:'mdc sthee ::tul o .
@ B. Thesmount ol scil in each pat wos not the same

€. Ona pot should have Leen placed in the dack
D. Tomshouldhore used different amounts of water
E. Theplantawould get tos hot on the windew 2ll

-

8. The drowing tepresents o plant cell, In which of the
four regions morked might chloraplasts be found?

A. laKenly
@ B lalonly
C. 1aMonly
D. IsNealy
L ladethKand L

“.' mmy for photosynthesis ia goneralfy sbtained
Ao chlovephylt.
. A !. ohloroplesia,
O

- owalight,
‘E lC"' cotbnhypdroten B

sarbon dieside,

11 Biol.
(13)

I Biol.
(1B.6) _(1‘2)

i1 Biol.
(1A.8) (13)

a

1" Biol.

a4 -

Al Biol.

(ns.y (13

7’

Under. 364

‘Applic. 63.3

Undcr.. 54.8

-

Inform,

* ‘{nform, 62.1

47 .

17.1

127

33

29

17

25

E,D

E

India '
Iran.

Bélgium (Fr)
Fin‘land *
Lualy

Belgium (Fr) '

« Netherlands
USA .

Finland

Chile

Intdia

Iran .
New Zealand
Thailand

<

FRG

-Finland.

Netherlands

Scotland
Thailand’

Belgium (FI)
FRG ~
Hungary
Japan

Belgium {Fl)
Belgium (Fr)
FRG

33

Aruitoxt provided by Eric

-
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: o ' . t Biology Test Items - Form B -

- 2

oTarget Content Beha- " Average Med. Popul.  Effect.
! " Popul. Area  vior Facility Discrim. Discrim. Distr.

Easicr in Harder in

7. The Jjnm-;v‘ belaw shews "',";'“Bk ol i;m‘k- 11 Biol. Under. 48.7 - 36 - - Thailand Nefherlands .
e e e v or e of or ® - (11B.2) (13)
shown by the errows,

? Cheose the right answer for (3) and @ from the
‘ aliermatives given.. .
o A8 isonygen snd B is corbon diexide ‘ .
B. @ isenygen and’5 is corbehydrote o .
C @ isnitrogen 8rd (B is cazhon dieaide ) ‘ )
D. @) is carbon dioxide snd B isaxygen N . . . ,
£ ®iscorbondicaidesnd iau.'bohydulc

& Whot dees an aitive muscle, that is. ¢ muscle which Il Biol. Inform. 21.8 31 B,D,E C . Hungary Japan
: ’ Iaaly

is doing werk, give up to the bleod? - (14)

o A, Carben dieaide-
B. Oxygen . .
C. Nitrogen : - ‘
D. Yitamin B , » ’ ‘
E. Clucese " . . )
. 4 o ‘
A~ © A3

9. The Andes ore high mouataine in South

Amciicornd 11 Biol.  Higher 208 19 DE D India Belgium (F1)
wheir inhobitants live and werk st high shtitudes. Iran - Sweden . .

. Thene people have almont twica go many ted cor. (n ,
. pamies in theit Blncd o do the people lisiug in the
vollove. Whiels one of the follewing is the L(,u- . .
phenstimn of thie? * - .

. ¢ g;

* len thete 1o lens ale prewsuie acting an

A .':,"..5:7.'1:.»:- ':lnl v.nh' and 3o new red
corpuscies con be produced more quickly »

B. Becsuse thete is o smaller smount of otygen in .
the sir of the Andes the inhabitants bresthe mere
derply in erder 10 increase the,tetal amount of . . . .

s osygen in theit lungs - ! . R . .
®'C. [n the Andes there is less etygen entering the ‘ .
lungs of the irkabitants s that sn incresse 1a the . *
sumber of red corpuscies enshles o larger pre- T
nertion of this ecygen to be abrocbnd .
D luhabitants of the Andes need swre red car- .
te transpert esygen through the bleed . .

vessels becorse there is lass exygen.au the sir they .

b .
£ The lawer air pressure in the Andes cavees blood
%0 circulate more quickly threugh the boed ves.
sele and 10 mere red corpuscles are needed to . ' .

wanspert the stygen

- -

- .

16. All of the folloning sre aspects of the reproductive 11 Biol. Inform. 33.9 18 D D Belgium (Fl)  Japan
Which one of them must accur belure we A . .
«aa be surtain that fetilisstion has tohon place? (10A.7) (16) . Iran
A. Amale srganiom must nd o mate . .
B Reproduciye srgans must be pr . .
© C. The nuclens of o mele gameio must fuse with thet . .
ol o female gamere . . ¢ s
D. Amuom must reach an rgg cuil Y :
KA le gomete must hove s sere of [ood for . N
the anbry

* o

L 4

ERIC
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/
STANDARDIZED
Between _ Within To}:q-]

PR HT. PRE HT. PRE H.T.

11 -.25 .02 . R -7 12
12 -.37 -.09 . 8., -8 137

-.14 -.10 -.12 . .37 -.20 .33

.09 -.03 22 - .3 .04 .24

] .20 -.19 .21 .26 _.0i .37
' .02 -.06 16 .02 -.04 b
-.26 14 .07 .22 -.05 .24

-.04 -.05 g5 .20 -.09 .26

.02 -.15, 05 16 -.13 18

-.06 15 .22 14 .07 .25

.29 -.37 .26 .30 .-.14 .44
1 -.20 19 .. .18 -.10 31

7 -.12 .22 14 .00 .26

.07 -.04 .29 -.12 03 - .01

23 \-.28" LE -,

51

/




STANDARDIZED -
Within Total
.42 -.01 14 .09 N b
.46 -.10 .22 -.060 13
07 -.08 39 -7 .37
.10 .21 13 .14 22 .
8 . .21, .26 12 .36
19 .15 .03 T .10
.05 06 -- - .20 01 23
.09 15 .20 03 .26
4 .05 .14 .06 .16
.05 .23 13 .07 .25
30 .25 .30 02 .45
4;.33\\ 20 7 ".00 .32
.32 \ 22 - g2 .05 0 ..26
00\ .29 11> .06 .01
.40 \.13‘ R} 07 - .39
N ;T




- Between

.38

STANDARDIZED

19

<

E———

.02 .23
18 .06
212 BY

- .07
-.01 .34
.07 .23
-.00 .10
23 .08
42 Y -.02
.04 L
-.22 .29
.05 ‘ .23
".10 .28
41 -1
-2,

Nithin\

.04 3
-.10' .21
-.07 .39

+25 A1

2 .25

7 .01

.08 .18

7 .21

.07 14

.24 13

.23 .31

:15 24

.22 15

.25 -.13
-.00 /32

Total

PRE  ° A.T.

e .15
.21 .15
.00 .36.
.24 .23
.36 " .31
.15 a1
.08 .24
.27 .28
.33 .16
.28 .25
.19 .40
.28 .33
.31 25
.28 :01
.21 .36




Table 14. Regression of BTES fraction 1téms occasion. C on fraction items occasion B (P

-

3

B

LY

-\

AN

RE) and hard time (H.T.). , -

rd

Ty
-

?

-t

R\

- 7

&

Ll

‘Ttem

1

W O N O  EdxwWw N

—t emd emd emd emd ed
oS W P =~ O

N

Betweeh-
0H -.030
" 022 -.047*
-.032 -.016
.016 7.005'
042 -.029
.003 -.009
_ -.052 021
: -.ooak -.008
.004 -.020
-.013 .02
,056%° -.054%
- 021, -.023
,031 -.017
014 -.006
043 -.040

AN

UNSTANDARDIZED
Within
023 .082
-.116 .139
-.261 376+
v .3713 11
545 ,358*
270 . .019
16 .210
.480 .274
167 249
440 134
.487* .290%
+.395 ;193
577, 1 .61
627* -.n¢
..285 328*

T e

Pl

*Coefficient exceeds twice its standard error,

L)

&

Total
PRE hI.
-.020 095
-.036* .103
_032% 332+
.006 - 207
-.00] .503%
_.005 096
-.008 .226
-.013 .348*
-.017 282
010 )o2ase
-.021 /) .430(
-.014 .327
001 294+
005 .010
-.015 416%
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| Table 13. Regression of BTES fraction items occation C on fraction items occasion B (PRE) and easy time (E.T.). Z 4
’ : ., . _ | .
o , ' UNSTANDARDiZED, = - - : . \

AN - 1 " . ) " !
' - Betiweer . _Within | . Total K
Item PRE E.T. . PRE BT\ BE . ET

L1 ~a0ex T 097 o-.008 - 05 02 .08 : SN
2 AL 1V | | 68 ~00 702y
> ’ - * - i

w

~.081 . -.021 ©  -.188 ~ ° ,395% ~,053 - 7% Co
4 . .00 .:026 351 .108 ©.037 192% ’

o
1

.03 .04 561 ¢ .349% 038" -, 496* ; l\\\\\\if
-.03 - .03 207" 266 032 090 S :
~.018 014 . .03 88 - .02 .22
030 032 .500- 279 .009 - 358% _ ,

(Ve 8] ~ (=]
]

-.034 .048 .169 .230 .020 . 261
- A NS . N 7/
» <10 e .058 -.019 .445 C 127 ‘ .025 ,244*
-5 ®

1 2,103 -, .090 474% 293 005 C.482% ©
.339%

-

120 A6 T .09 431 0 T8 001

13 \-.085 000 - 574 138 01,293
Co1e® -2 028 .631* -.114 019 - .013

5. -2 . .7 268 - L300 02 ATe

PO e -

| I . , : « 3\\
- 3coefficient exceeds twice its standard error: ‘
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Table 12. Regression of ‘BTES fraction items occasion C on fraction items occasion B (PRE] and allocated time (A, %),

<

|
|
|
|
B N y : v
‘ DR . E

\ x
f. ~ UNSTANDARDIZED R ‘
iBetween . _ Within Total v .

1 012 SN b R - .100 * .125% 150 ﬁ

2 . .07 .03 - " -128 .16 RIES 114 o

3 -.092 077 "=, 151 392¢ = .01 363

4 .047 .108 ©o.412¢ - . .098 .134; 197%

5 -.004 o222 L319 . 343* .236* .420% _

- .050 | 140 296 .05 094 094

7 002 063 Jd24 - 77 055 .. .255% “

8 . .68 051 555 .284% 170% 378
=0 9 BTN -.012 243, 227 e L2510

. .030 74 . .482% - 124 181 .246*
Lo Sz 20 e 305+ 133 - 387
/I j\ 12 .04 a6z .32 ) 257 J97* N L353% .
P ‘\ 3 078 162 * 570 \i68 212* 287 . e
L4 318 - -,071 Sagx 12 S1BT* 012 ‘
5 7 \\jS' oo _.076 -.007° 342% N\ 3% 385 |
| \ L S | ‘ 53
*Coéffic%ent exceeds twice its standard error.

.
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